These records are from CDER’s historical file of information
previously disclosed under the Freedom of Information Act (FOIA)
for this drug approval and are being posted as is. They have not
been previously posted on Drugs@FDA because of the quality
(e.g., readability) of some of the records. The documents were
redacted before amendments to FOIA required that the volume of
redacted information be identified and/or the FOIA exemption be
cited. These are the best available copies.
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DIVISION OF CARDIO-RENAL DRUG PRODUCTS
DIVISION DIRECTOR'S REVIEW

NDA: 19-123

Sponsor: Upsher-Smith Laboratories, Inc.
14905 23rd Avenue: North
Minneapolis, M 5544)

Product: Trade Name, ¥lor-Con (8 and 10 mEq dusage forms)
Generic Name, Sustained release, wax-matrix, oral, solid dosage
form of KCl

Date of Submission: August 16, 1983, resubmitted August 16, 1984, non-
approvable Tetter issued December 1954, resubmitted.

Date of Review: April 15, 1986

N

After some time, this NDA is now approvable. The major problem related to

" previous non-spprovability was the bicavailability study originally submitted

’ ~ by Upsher-Smith. The data have been re-analyzed and submitteu on Novesber 27,
|

1985. This submission and its data make the necessity of consulting our
; biostatisticians (which was t to be necessary it our meeting with
_ lpsher-Saith on Novesber 6, 1985) unnecessary and the problems discussed in
. the entire meeting of November 6, 1985 are essentially moot.

- As it now stands, there is no statement by the Division of Biopharmaceutics

. that the Upsher-Smith bicavailability study is acceptable. 1 have not
referred the November 6, 1985 submfission to the Division of 8iopharmaceutics —
- and this review constitutes my vwn review of that study which 1 find adequate,

o Prior to reviewing the ﬁ!ﬁ%ﬂ brief statement of my review regarding the -

) - — At prezant, R0 one has devised a better method for assessing bicavailabi Hy -
_ than to adeinizter the KC1 product orally and to coacomitantly measure the =
- - - soosarraceOf K fOn 1A The UPriRe, Ui 1Yy SR nmSsErel FOtESS F
: hrpw;nulmmifmwammlmiehcmswtin&enﬂu :
= .~ ... smy or miy wot represent sny of the sctual K sdwinistered orelly. At-the - - = —

T Hait, altof the K adwinistered orally could be absarbed but mone come out W -

Consequently, even though studies try to establish steady-étate with respect
to. intake of dietary potassium and try to eniure adequate urine volume 50 that - —
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@ The mean 24-hour cumilative excretion of potassium is not statistically,

il significantly different between any of the treatment. The sponsors do not
have a power calculation, and I did not perform one, so ! carnot say what
confidence one can have that if there had been a difference one could have,
detected the difference.

However, the preamble..to this review asserts that bioequivalence is not
required of oral, solid, dosage forms of KC1. One cannct determine rate and
extent of absorption from experiments of this type, so an absolute bioequiva-
lence Statement cannot be achieved; even if sufficient power is present to
divectly compare any measurements made. The various KCi formulations are nnt
geperically equivalent and are not (in fact should not) be dispensed inter-
changeably. So not being able to make a firm statement with respect to
“extent,” in 1ts loosest sense, i- no detriment with respect to decisions

regarding approvability.

My conclusion then is that the Klor-Lon tablets are biocavailable and from that
vantage point meet that standard for approvability. The studies were reason-
ably designed, poorly conducted and reluctantly analyzed, but the result., with
respect togjuavaﬁabi'lity. is sufficient to form a basis for approval.

The time course of potassium excretion-is-shown in Figure 1.  The visially =
apparent difference between Klor-Con-10% and all sustained release formuta-

tions (between O and 6 hours) was statistically significant at a p value of
. 0.0027. This reasonably establishes that the Klor-Con tablets exhibii
re sustained release properties in vivo and consequently can be labelled as a

sustained release formulation,

Summary

1 see no outstanding issues tinat need resolution. The edited package insert
13 reasonable. . It is to be updated sometime soon and the approval letter

should so indicate. This memo and the appended disclosablie reviews constitute

the SBA. :
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bad featurc of the study. All 24 subjects completed the study and values for
all 24 subjects were used for all calculationms.

The study lasted a total of 19 days during which a planned diet consisting of
about 50 mEq potassium and 3000 m1 of 1iquid (not enough) were ingested per
day. A 4-day lead im period was planned (the 5th day being the first dosing
day) and dosing occurred every 5th day thereafter. Fractionated urine collec-
vions optained on the 4th day were used to correct for baseline potassium
excretion. If the baseline urinary potassium, at any interval, was greater
than that on a dosing day {which would have been a negative value when sub-
tracted) the value for the difference was set

to 0.

There were 768 estimates of urinary potassium, 197 values of O were assigned
t0 the base)ine substracted values, essentially about a 253 incidence of
indeterminate values. Two subjects for two treatsent periods each had 0
values assigned for all collections and ore subject had O values gssigned for
one treatment for all collections. Seventy-three (almost 40Z) of wissing
values weresfor the first 2 (0-1 hour and 1-Z2 hour) collections, the reminder
were scattered between the 3rd (2-3 hour! and 7th samples {8-12 hour) with
—— — - —only-5-out-of 96 values deing 0 inthe Tast collecti -
The baseline corrected mean (+ SEM) cumulative urinary excretion of potassi-
jum, 0 to 24 hours is given in the following table.

rl.

Figure 1

Mean 0-24 .
hour potassium o a

T o Druy i Co T pxcredion T T T TSEM
Klor-Con 8 miq 21,1 =Eq w2506 - —
Klor-Con 10 mtq 24.32 wiq 2.15 :
B T T T M B - ﬂ;ﬂ;’ﬂf' - Tt o TTT o iz.m_7 T T o
— —Klor=102 23.05-nEq- 2 o0 : S

The :;;ul;aﬁiiities that ihé'!ean baseiine subtracted, cumnlative

24-hour potas-

— 10 mEq, Slow-X and Klor-1C3, respectively. Consequently, one can conclude
with reasonable certainty that some potassium was absorbed from each of the .

— potasstum-formul
bioavailable. _ T

al EroF «7 assuming U vZlues, when the baséline was greater than 7
on day (f.c., weuld have yi2lied a ncgative valie) are inconsequential to = -
conetiit Wk only-dues X-comeout-of the wax-metrix-when the————

ir cazar in.a rotsting bat 1so does-so din-¥ivo. -

o e e . e =T e o e e A - R L

e e T o : MR E————
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urine collections can be made at short intervals (to measure rates of excre-
tion as test as possible), under the best of conditions a KC1 bioavailability
study cannot measure the rate and extent of absorption, These are the two
estimates one desires of a bioavailability study and are the two parameters
that judgments with respect to bicequivalence are made from; a comparison of

area undey the curve 1s general 1y not suitable for a bioequivalence
determination. .

So then, what can one conclude from a bioavailability study of orally admin-
jstered XC1? The answers seem straight forward enough.

1} One can conclude that some of the administered dose is absorbed even
though one cannot explicitly conclude how much of the adwinistered dose
was avsorbed, By comparing the urinary excretion between several formu-
lations, including a solution of KC1, one can hope to make some crude
relative comparisons but a bicequivalence statement cannot be made.

2) By comparing the time of peak urinary excretion rates (at mid-
collection point) occurring after each formulatio: tested to the time of
peak urfwary excretion rates, occurring after KC1 in solution, one can
deterwmine that the formulation in vivo has slow release. characteristies.-

4

~This deduction has unverifiable assumptions and even if in vivo slow

release fs not locumented, the only consequence is that one could not make
a slow release claim.

Nith respect to rates of excretion, if one cannot obtain voided samples of
urine at close enough intervals, the estimate of rate will be poor. That is,
1f the rate estimates were based upon a single 24-hour collection interval and
simflar amounts were excreted over that interval, all rate estimates would be
fdentical even though enormous differences in rates may have been present
ear'l_y in the 24-hour period.

With respect to the Upsher-Smith study, it is known (from an on-site inspec-

. tion-as well- as from evaluation of the data) that care was not taken to
adequately hydrate the subjects and there were missing values for urinary

were not able to void at the commanded

. — —times}: - In—general; the study did not seem well run, however. 1 believe con-

clusions can be M data sﬁpport agproval.

. _The Study

Im-fwr I!M‘iﬂ male volunteers were fnvolved in four way, planned
senuence, Cross-over trial. Each of the four treatments involvedoral — - -

—admtaistration of 40 mEq XC) {* tablets of the B mEq Klor-Con, 4 tablets of

ﬂorﬂﬂﬂ._ﬂmﬂl 1_ iﬂ— ‘l_ Tnu dose and §s an additional

the 10 :2 Klor-Con, 5 tablets of Slw—t and 30 ml of a 10% solution of KCI as .

--—— concentrations of X for many subjects, especially at early collections (0 to
_— 3-hour samples because-the subjects were
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Division of Cardic-Renal Drug Products
Medical Officer's Review

NDA: 19-123 ) Review Date: July 5, 1984
Sponsor: Upsher - Smith Laboratories, Inc.

14905 23rd Avenue North

Minneapolis, MN 5544]

1. General Information -

(a) Drug Mame: Klor-Con {potassium chioride in 8 mEq and 10 nEq film
coated, wax matrix, controlled release oral tablets)

(b) Proposed Indications: The customary indications for oral potassium
suppiuenfs' TncTuding the treatment of h alemia, digitalis

intoxication and hypokalemic periodic paralysis, and the prevention
of hypokalemia in selected patients.

2. Manufacturing Controls
Refer to Qn_'uistry Review.

3. Pharmacology

A. Pharmecokinctics

The sponsor has submitted one human bicavailability study (Vol. 1.2,

p 10.0000). This is a four way, lmlmed cross-over trisl

5 24 normel mle subjects, comparing the bloavailabitity of 40 mEq

doses of Klor-Con 8 mEq, Klor-fon ro Slon-l. and 10% XC}

solution. Sujects were confined and tned on & diet contadning -
50 mEq potassium and 3,000 w1 of liquid per day. Blogvailability was
assassed by urinary potassium excretion over the 72 hours after .
administration of esch of the four test drugs.—The-sponsor has- - ————— — —
reported and analyzed data for mean wrinary K excretion for each test _
drug with respect to the entire 72 hour pericd and varfous fractions = . - -
thereof. Adjnshents wvere made for the eontribution of dietary

dnr-hgwof—the intervals T hours, For mors detatied .
mfﬂ-luﬂon refw to thn Biophar-ceutics review.

I
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B. Toxicology

The sponsor submitted one study of animal toxfcology in cynomolIgus
monkeys. Four parallel groups of monkeys, each containing three males and
three femalus, received Klor-Con 10 mEq, Lilly Enseals, Slow-K, or empty
gelatin capsules. KC! was adwinistered at a dose of 3000 mg. The results
of this study are ‘presented in the table below, taken from the
‘Pharwacology review. They show Targe bowel lesions in the Enseals group
only, and an acceptable level of small bowel and gastric toxicity for
Klor-Con. The ctudy is acceptable. For more det:.iled in‘orwation, refer
to the Pharmacology review.

Table 1}
Results of Monkey GI Irritation Study

_—— "‘f LESIONS
Fors, Tabs Dosage, Tabs Dosage/day  Diarrhea +  Stomach S-1 -1
e m L weftsteols
Contro) 2 2 0/6 0/6 076
¥
LIy Enpals 2 1 3000 mg 2/4 1/6h V/6 N 76y
Yin Eq 508 to 1000 mg/kg 176 b {882mg/hg) 1/6 @
STow-X 3 2 3000 ng 4/4 /6 h
= Ey 508 to 1000 mg/kg /6 v
Klor Con 2 2 3000 mg 2/ 17840 16 h
0n By 508 to 1000 mg/kg (™ 769 ng/kg) ‘"E"‘f‘“
Viive),

= uicerstion; @ = erosfon; b = hesorrhage

4. Clinical Studfes -

_The sponsor submitted the results of two clinical studies, a multicenter
— uss trial snd a comparative upper GI toxicity trial. LT

. Two investigaturs were involved in this trial. One was Jack .
of Little _and Jules Kann, M.D. of =

Rock, Arkansas,
Pittsburg, PA. Each investigator used the same protoco!, but the

results were presented separately.
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The design of the trial was simple and straightforwerd. The stidy
population consisted of nypertensive sdults receiving

antihypertensive ther and potassium:supplewentation at any dose wp
to 80 mEq/day. No exciusion criteria were listed. Before st-'ting
study drug, each patient had a CBC, ¢ UA, a standard sutomted
chemistry panel, a stool for occult blood, and an ECG. Patients were
then openly switched from their prior potssstum replacemamt (STow=K
in most cases) to an approximately equivalent dose of Klor-Con
10 wEq, given in two divided doses. Serum jum and stoel for
occult blood were checked at 2, 4 and 8 s (the end of the
study). Patients were interrogated concerning adverse reactions at
each of the three repeat visits. Patients also had a physical
_ at_the end of the study.

" "Forty patienis enrolled rw.—mmm-r*rmm.— EBath—
patient had been taking three 8 mEq Slow-K tablets. All of these
m’ts were started on Klor-Con at a dose of 20
( ~two patients remained on this dose throughout the entire oight
- mial while 12 had their dose Tncredsed to 30 mEg/day, and
a six had an increase to 40 mEq/day.
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"7 "Felevant data for thosé four patients {s presented in Teble 2 delow:

able 2
Patients lmtive Stools

- KCI Dose tn £ of Pos. Baselire Final
Pt Ae  Sex Wo/day -~ SEols Bk Kt
59 F 20 2 46.0 43.9
56 F 20 ? 42.3 40.8
56 F 20 1 4.1 45.0
... ... . & 30 1 4.2 4.5 )
TTTTT T TG W etger it -
: In this arm of the study, serum potassiums at dase ine ranged from
(- 3.1 to 5.7 mEq/liter, with a mean of 3.5. At the end of the study,
ged from 3.1 to 5.6, with a mean of 3.87. Serum potassium

lm‘ﬁ Tess than 3.5 iquter were present In 13 out of 22 patients
at baseline but only in 3 of 22 patients at the end of the study.

Raviswer's Nots: This appears to be an adequate use study both 0
mtedlmtofnfmmmmiwﬁu .-
L -g—wﬁt—m_ mnt_st_ug {¥ol. 2.1) | o
7 " hmls Cfﬂ.ﬁ!ﬁl‘lwi.

SR d e
. ..confinad over T1 days. The study was open hbel. but b!indl.v
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Subjects were conf’ned and placed on a hospital dist withmored ™
meat, turnips, or horseradish. High Tiber foods were included to

provide bulk to facilitate stool collection for daily stools for L
occult blood. )

On the day after the screening endoscopy, a1l study subjects were
begun on glycopyrrolate 2 mg tid. 1In ndditiunwtia‘its were
randomly allocated to receive Klor-Com 10 mEq tablsts (70 mEq daily),

" SlowX 8 uEq tablets (72 mEq dafly), or placebo tadlets (6 tablets
daily). Study mdications were taken thres times dafly after mesls
for 7 days. No concomitant medications were allowed.

On the day after study medications were discontinved, patients were
re-endoscoped. ATl se%ies in this study ware y
by a single éndoscopist. ToTlowing

no lesfons; 1 = one mucosal hemorrhage; 2 = rore than one micoss
hemorrhage. Scores as high as 6 were to b~ given for more severe
lesions, but no subject received a lesion score grester than 2.

Er was noted, but not assigned on a numerical value. The

e » Stomech, and duodenum were each graded, and their scores
wers reported.

vital signs. AIT petients completed the study. The initia .-
sndoscopy for all patients waz morml. _ _

_The-vesuits of -the final endscopy are swmerized in Tebla 5. o

-

Klor-Con 4/10 3 ] (]
Slowsf /10 [ 1 8 I
= —Plactbo W - - -} - - -4 -- -
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% The sponsor stated that none of the lesions were believed to Lo
: clinfcally significant. and all could be consisered as chance events

- in normal subjects.

Thers were no positive stools for occult blood in the study.

In the ten pitients taking Klor-Con, four complained of abdominal
pein or vowiting at some time during the period of drug
adminfstration. In the Slow-K group, these symptoms were reported by
three patfents. In the placebo group, four patients reported one or
more of these symptcas. In no patient were these symptoms considered
ser jous,

Reviewer's Note: The study is acceptable. The Jack of serjous
Tesions In persons receiving Klor-Con snd Slow-K is consistent with
1imited data from other gastroscopy studies suggesting that
administration of wax mtrix roducts with or after meals fis
associated with a comparatively low incidence of UGI erosions and
picepg. The finding of grade 2 lesions in two placebo subjects
suggests that the (blinded) endoscopist did not systematically
grossly under-read the endoscopic evaluations. These rcsults,
DOFCIN “ ERC g InNgE < Ky ludyY and TS USE ¢

suggest that the UGl - ﬁtmth}nfl—tnisacupuble. -
5. Labeling Review

S s mhﬁﬂm for Klor=Con is generally consistent with the -

T tng for Stow-K and uther solid dose KC1 products. = i

. . _Howsver, the paragraph on bioavailabilfty (found on page 04 - 0021 of .

- Lo © ¥at 1.17 is somewhat ambiguous, and should be reworded. The second -
mzmﬂmlmwmm—mrﬁwﬁﬂmt— -

~ differences in the cumulative amount of potassium excreted over L
- 2
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. Division of Cardio-Renal D?’i! Products

Completed: MNovember 28, 1984
(Twenty days since last amendment)

d
A. 1. WDA19-123 ORIGINAL NEW DRUG APPLICATON-AS AMENDED

Appl icant: EY1is Pharmaceutical Consulting, Inc.
© 913 State Road
Princeton, New Jersey 0£540-1484
Telephone: (609) 924-7212
for

Ypsher- Smith Laboratories, Inc.
14904 23rd Avenue North
Minneapolis, MN 55441

Telaphone: (612) 472-4412

Fred J. Nehling

Birector of Regulatory Affairs

2. PRODUGT NAMES:

Proprietary: KLOR-CON 10 wEq (750 mg) (Potassium Chloride) Slow

KLOR-CON 8 mEq (GOC mg) (Potassium Chloride) Slow
Release Tablets

Non-proprietary: Potassium Chioride 750 mg per tablet
Potassitm Chloride 600 mg per tablet

USAN: Potassium Chloride

S — - ——Compendium;:- . -USP XX {1980}, Page 642, and Sth Supplement page 1065. -
[N.B. USP XXI is not yet offical).

7 3. DOSAGE FORM: Extended-release tablet. Oral route. Rx N.B. These
_ T 77T~ tablets are not enteric coated but they are film

. ___the matrix,

4. PHARMA COLOGICAL CATEGORY:  MHypertension in adults requiring _
- — ——————— - —controlled retease potassium supplement
{nu:;der to mafntain normal serum K * _

i
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NDA 19-123
Klor-Con & Upsher-Smith Labs

Review and Evaluation of Pharmacology and Toxicology Data
iginal Summary

Category: Slow-release potassium chloride preparation for potassium
supplementation

Composition: film-coated tablet containing 600 mg (BmEq) or 750 mg (10 mEq)
- .. of potassium chloride in an inert, non-absorbable watrix

Indication: for therapeutic use in patients with hypokalemia with or \ithout
metabolic alkalosis and for prevention of potassium depletion;
usual dosage is in the range of 20 miq (1580 mg) per day for
hypokalemia and 40-100 mEq {3000 ~ 7500 mq) per day for
treatment of potassium depletion

Related 1D

Related NDA: }\?.-476; STow-K {Ciba-Geigy)

Summary and Evaiuation

Sponsor has submitted an NDA for a slow-release potassium chioride product
similar pharmacokinetically to the wax matrix products such as Slow-K, but
with a non-eroding polymeric fiIm coating which controls the release of the
potassium rather than a sugar-coated slowly dissolving wax matrix

formulation. A gastrointestinal toxicity study of Klor-Con was conducted in
Cynomolgus monkeys for 5 days. This study was previously reported under

IND 19,251 and evaluated b{ Pharmacology Review dated 8/11/82. In this study,
Klor-Con was compared to Slow-K and an enteric-coated product (Enseals). The
dose for each was 3000 mg/day (600-1000 mg/kg) given in 2 divided doses. A

- ........_control group was also included. The results for GI toxicity can be seen

o Rlor=fon B 7~ N . B

beTow: i}
) Table of Microscopic Pathology
D Stowach  Smal] Intestine  Large Intestine
_ Lontrol ) L o
| 1/6-H 1/6-H 1/6-Y
T Eeml MeV T e —
S o \/6-H
- ~Stow=K- - : “376-U




NDA 19-723

Page 2

As can be seen from these results, Klor-Con caused less drug-relatad 61
toxicity than the comparative slow-release product, Slow-K, and no small or
large bowe] ulcers. The enteric-coated tablet did not produce the typical
small bowel Tesions usually seen with this product, although large intestinal
lesfons were observed. The reason for this may be that Enseals behaves more
1ike a slow-releass product, pharmacokinetically.

Recommendation

This NDA would be recommended for approval.

ccy Orig.
HFN~-1 o

HFN-110/CSO -\
HFN-110/JPBurns
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Potassium C1 Upsher-Smith Labs.

Kior-ConR SR Minneapolis, MN
600 mg tablets Submission Date:
750 mg tablets July 31, 1985
NDA # 19-123

Reviewer: Iyma Benedek

Review of a Bioequivalence Study '

This submission has been reviewed by the Division of Biopharmaceutics and the
study was rejected. The Division of Bicequivalence recommends that the firm -

cg!ildllct a2 new bioequivalence study. Therefore, no further action is needed at
this iLime,

SWM: PhD. .

Irma Benedek, Ph.D.
Division of Bioequivalence

- -~ Review Branch 3~ T -
RD INITIALED RMhatre g _ -
FT INITIALED RMhatre ?QM‘*@J . ’i', ;\/a-‘ - _
2
1Benedek gy 0129/05- s s
cc: MDA # 19-123 original, HFN-230,(2) HFN-200 (Hare), T
HFN-223 (Shah - 2), HFN-258 (RMhatre, Benedek), Drug File

e S—————— — — — — — - ——






